usually makes the determinations based on determining oxidation products of acid character difficult. For a long time it has been recommended that acetic anhydride should be added to lead tetraacetate solutions (prepared by dissolving the pure substance, or by the reaction of red lead (Pb304) with glacial acetic acid) in order to secure a perfectly anhydrous medium. The anhydride, however, reacts with the reagent (Tomicek and Valcha12) , reducing the effectiveness of lead tetraacetate solutions. This has led to the erroneous opinion that the reagent itself is of low stability. The authors mentioned have proved that lead tetraacetate solutions in glacial acetic acid in the absence of acetic anhydride are stable, and may weil be used for volumetric purposes. In ail volumetric determinations with lead tetraacetate solution carried out up to recent times it has been stressed that the medium must be kept strictly anhydrous in order to hinder the possible hydrolysis of lead(IV) salts, although it is known that the presence of water increases the rate of oxidation with lead(IV) salts. Only a few years ago, when we started to study oxidations with Iead tetraacetate systematicaily, did we find that it is possible to titrate with this reagent even in aqueous solutions, possibly in the presence of mineral acids, determining in this manner inorganic as weil as organic systems13-22, A necessary condition for such titrations, of course, is that the oxidation of these systems must proceed more rapidly than the hydrolysis of lead(IV) salts. We have found recently that numerous substances similar in character to vicinal glycols, or those having a similar structure, may be determined by means of an excess of the reagent even in aqueous solutions of SO to 80 per cent acetic acid in the presence of alkaline acetate18 -22. The unreacted amount of Iead tetraacetate is titrated potentiometrically with a standard hydroquinone solution. The advantage of this method lies in the fact that the oxidation of substances to be determined proceeds rapidly in comparison with other reagents and quantitatively to carbon dioxide or the respective aldehyde, even at room temperature, and the reaction 1nay be used for microanalytical purposes.
OXIDIMETRIC DETERMINATIONS WITH LEAD TETRAACETATE The present review summarizes results obtained in a study of those properties of reagent mentioned, which may be significant for its further application in analytical chemistry and for the elucidation of the oxidative effect proper of lead(IV) compounds, examples are given of its present application in oxidimetric determinations of inorganic and organic compounds.
As stated in the following paragraphs and in Table 1 , lead tetraacetate may be classified among the very efficient oxidimetric reagents, being suitable for direct volumetric determinations, mainly with potentiometric indication, as well as for indirect Oxidations, utilizing its excess.
Preparation
Leadtetraacetate may be prepared (i) by the reaction ofred lead (Pba04) with anhydrous acetic acid-a substantial amount of Iead diacetate is also formed-the lead(II) salt may be separated making use of its Iower solubility in glacial acetic acid; ( ii) by oxidation oflead diacetate with gaseous chlorine, again in a medium of glacial acetic acid; the PbCl2 formed is removed by filtration; (iii) for volumetric purposes we recommend the reagent to be prepared by dissolving red lead (Pba04) in glacial acetic acid at elevated temperatures; the lead tetraacetate crystals formed are isolated, recrystallized and the required amount is dissolved in a known volume of glacial acetic acid; solutions thus prepared contain no lead(II) saltsl4, and if kept in dark-coloured stock bottles will remain stable for periods of several months. Their stability is decreased substantially by the presence of acetic anhydride or alkaline metal acetates. Due to the great volume changes of glacial acetic acid with temperature variations, conditions used must be such that the temperature does not vary within a range of more than ± 1 oc during the analysis.
Determination of titre value
With regard to determining the titre value of the volumetric lead tetraacetate solutions, one ofthe following methods may be followed-potentiometric titration with: (i) a hydrazine sulphate standard solution.l3; (ii) hydroquinonel2 whose titre is pre-determined by means of dichromate; (iii) a standard ferrocyanide solution34. Wehave found titration of a known amount of thallous salt19 as the best for determining the titre value of dilute lead tetraacetate solutions used in microtitrations (0·01 N and more dilute solutions). Among visual methods we might mention the classical iodometric determination (using an excess of potassium iodide and sodium acetate followed by titration of the iodine liberated with thiosulphate).
An interesting possibility is the use of a standard solution of an arsenaus salt for the visual determination of the titre value of lead tetraacetate solutions. When a lead tetraacetate solution is added to a standard arsenic(III) solution in the presence of an excess of potassium iodide and ]. ZYKA starch solution as indicator, the iodide is first oxidized to iodine, which immediately continues to oxidize the arsenous to the arsenic salt. When all the arsenic has been converted to the pentavalent form, the first excess drop of the reagent marks the end of the titration by the characteristic reaction of the liberated excess iodine with starch. Notwithstanding the relatively low differences of the redox potentials of the systems 2 I-(1 2 (0·622 V) and As0g3-(As02-(0·56 V) the reaction proceeds rapidly andin a quantiative way. This is due to the fact that the lead(II) salt formed by reduction of Iead tetraacetate reacts with the arsenate formed by the oxidation, giving the low-soluble lead(II) arsenate, which favourably influences the reaction equilibria and shifts them in suitable directions. The titration is carried out in the presence of sodium acetate, which forms a buffer solution with the acetic acid added in the reagent solution. Although it is known that sodium bicarbonate is the best medium for the oxidation of arsenic(III) salts with iodine, the reaction proceeded in our case quantitatively even in a weakly acid medium, probably due to the formation of the above-mentioned lead(II) arsenate23a. No universally suitable indicator has yet been found for direct titrations with lead(IV) salts, and potentiometric (sometimes amperometric35) indication of the point of equivalence is used; quinalizarin12 has been proposed as indicator for the titration of benzylmercaptan in non-aqueous medium. N,N-bis-4-(4-methoxyphenylamine)phenyl thiourea 12 a has been proposed for the titration of ascorbic acid.
Theoretical considerations of oxidim.etric determ.inations with
Iead tetraaceta te It has been found that Iead tetraacetate is suitable for the oxidimetric determination of a number of inorganic and organic systems as evidenced by numerous communications in the literature. A survey ofthese determinations is given in Table 2 and the most important explications in the text, as well as in the reviews22a, 32, 33 and in the monographs36 -38. I t is significant that varying opinions have been advanced concerning the oxidation mechanism using Iead tetraacetate. Nonetheless little attention has been given to the study of this problem, or to the study of the basic properties of Iead tetraacetate solutions, which might be important for further development of their use, e.g. problems of the formal oxidation-reduction potentials of the system PbiVfPbii in various acids, its polarographic behaviour, spectra, etc. Wehave attempted to contribute to the solution of these problems by some of our investigations. For the normal oxidation-reduction potential of Pb4+ + 2e ~ Pb2+, Latimer42 states a value of 1·7 V.
Formal reduction potentials
As to the formal redox potentials, Charlot's tables43 mention a value of 1·8 V foramedium of 1-8M HNOg, as the mean value of data by several authors who have measured the potential of a platinum electrode in a mixture of Pb02 + Pbii in the acid mentioned.
Tomieck and Valcha12 have studied the formal redox potentials of the system PbiVfPbii in the case of Iead tetraacetate and diacetate in glacial acetic acid medium. In some cases in the presence of alkaline metal acetates they found values of not more than 1·32 V; with addition of perchloric acid values of the order of 1·44 V were obtained. In our experiments carried out in aqueous solutions and in media of various mineral acids (values determined either from the course of the potentiometric titration of a suitable system with lead tetraacetate, or by measuring the potential of a platinum electrode in an equimolar mixture of lead tetraacetate-lead diacetate in the respective mineral acid) we found, that in acetic acidmedium the redox potential is greatly dependent on the concentration of this acid and on the concentration of the PbiV and Pbii components present, and that it varies with time, a fact which might be ascribed to the formation of Iead tetraacetate complexes with water. In solutions containing less than 30 per cent acetic acid the value of the formal redox potential of the system measured is 1·45 V, in solutions containing 0·4 M sodium acetate, irrespective of the concentration of acetic acid present the redox potential is about 0·1 V lower23. As to the formal redox potentials and their values mentioned in the following paragraphs it must be stated that although the measurement has been carried out in the medium of the given mineral acid, a certain amount of acetic acid must be considered in every case, as this is brought into the solution automatically with the Iead tetraacetate solution. This amount, however, is practically negligible if we consider it in comparison with the large mineral acid excess forming the main component of the medium. The measurement could not be performed in sulphuric acid medium, in which PbS04 is precipitated, nor in nitric acid medium, in whose presence PbiV hydrolysis immediately takes place.
In a medium of hydrochloric acid we have found, that the value of the ]. ZYKA formal redox potential PbiV /Pbii is 1·39 V, in 0·03 N HCl, decreasing continuously to a value of 1·21 V in a medium of 4 N HCI (see Table 1 ). In perchloric acid medium in a wide range of concentrations of this acid, no great differences of formal redox potential values are observed in the range of 1 to 6 N HCl04. In general, potentials are high in this medium, rising from about 1·66 V in 1 N HCl04 up to 1·91 V in 11 N HCl04. 1\1easure-ment of the formal redox potentials in phosphoric acidmedium has shown, that in the range of 0·7 to 7 M H 3 P04 their values decrease from the lowest to the highest acid concentration, from 1·55 V to 1·22 V. 1-1easurements in this acid, however, were rather difficult to perform compared to the preceding acids. From the measurements it follows that lead tetraacetate, considering the values of formal redox potentials, is amongst the most efficient oxidation agents. The highest values of formal redox potentials are achieved in perchloric acid medium. It is interesting to note that in the range of 1 to 3 N HCl04 its value practically does not change. We have compared the experimental values with the theoretical value calculated from the Petcrs equation, using data given in the Iiterature for E: PbiVfPbii = 1·7 V (with activity coefficient values of 0·95 and 0·85 for a unit ionic strength) assuming that in 1 M HCl04 lead tetraacetate and diacetate are fully dissociated. The value calculated (1·685 V) for the 1 M HCI04 medium agreed very well with the value measured in this medium (1·66 V).
The relatively lower values of formal redox potentials in hydrochloric acid and phosphoric acid, and the decrease of these values with the increasing concentration of the acid is probably caused by the formation of tetravalent lead complexes with the anions of these acids23.
Absorption spectra measurements
We have studied the absorption spectra of lead tetraacetate and diacetate in the ultraviolet region in media of the acids mentioned3 9 in an attempt to elucidate the formation ofthese complexes. Only such concentration ranges of the individual acids could be selected for the measurement, in which the highly diluted lead(IV) salt solutions are sufficiently stable. The solutions were: 11 M HC10 4 , 2-3·5 M H3PÜ4 and 0·1 N to 3·5 N HCI. The conclusions from these measurements may be summarized thus: spectra in a medium of glacial acetic acid differ from spectra measured in media of other mineral acids. In the first case the spectra show a rather indistinct peak at 280 nm, in the other cases the spectra show a clear peak. A substantial difference has been found in the stability of lead tetraacetate solutions. It has been confirmed from the analytical point of view that in glacial acetic acid lead tetraacetate solutions are very stable, especially if kept in the dark. According to the literature an explanation of this fact might be found in solvatation of lead tetraacetate molecules by acetic acid molecules. Strong illumination, especially ultraviolet radiation decrcase~;. this stability, a fact which may be ascribed to the formation of the acetoxy radical and its degradation into carbon dioxide and ethane.
Another unexplained point is the influence of the possible formation of tetravalent Iead complexes in glacial acetic acid medium. From the data available in Iiterature it follows that the presence of anionic as well as cationic complexes has been proved by electrophoretic means, in the presence of alkaline metal acetates mainly anionic complexes of the type [Pb(CHaC00)5]-or [Pb(CHaC00)6]2-have been found.
Measurements in 11 M HCl04 have shown, that the absorption spectra of lead(IV) and lead(II) salts have peaks at approximately the same values, but the width of the absorption bands differ. Considering the high formal redox potential of the system PbiVjPbii in a medium of this acid (see preceding paragraph) as weil as the fact that perchloric acid and perchlorates arenot distinguished by complex-forming properties, it may be assumed that in this medium tetravalent lead will be present mainly in the ionic form. Lead tetraacetate solutions in media of perchloric acid are relatively less stable when exposed to light (compared, for example, with a medium of acetic acid), which may probably be attributed-with respect to the high formal redox potential-to the oxidation of water molecules by this reagent under the catalytic influence of light. In phosphoric acid solutions the absorption peak shifts with concentration variations of the acid, probably due to the formation of phosphate complexes of tetravalent Iead. These complexes, whose composition is not yet known, cause stabilization of tetravalent lead solutions, since even in very dilute phosphoric acid solutions (down to 0·7 M HaP04) they do not hydrolyse.
The most interesting results have been obtained from measurements in hydrochloric acid solutions. I t has been proved that in solutions containing more than 0·7 N HCI lead tetraacetate converts quantitatively into the hexachlorolead(IV) anion [PbC1 6 ]2-and then decomposes, liberating chlorirre due to a reaction with chloride ions PbiV + 2Cl-~ Pbii + Cl2
Based on the experiments performed, and the results obtained, it is impossible to decide unambiguously in which manner the oxidative effect of lead tetraacetate is manifested, e.g. in titrations of inorganic systems in hydrochloric acid medium or in the presence of chlorides, i.e. whether oxidation takes place by the effect of as yet unchanged lead tetraacetate molecules, or of tetravalent lead acetate complexes, or by the effect of the hexachlorolead complex, since the rate constants of oxidation by the individual systems, and of the conversion of lead tetraacetate into the hexachloroplumbate are not known.
Polaragraphie investigations
For a closer characterization of lead tetraacetate solutim).s, and to confirm the formation of the chloro-complex and Iiberation of free chlorirre we have carried out a polarographic study of this reagent in perchloric acid and in hydrochloric acid media at such acid concentrations, in which lead tetraacetate is sufficiently stable. With regard to the high redox potential of the system PbiVfPbii we used a rotating platinum indicating electrode, polarized at + 2·0 V each time before recording the curve proper: curves were recorded up to + 0·4V. (Details of the preparation and maintenance of the electrode will be found in the respective communication 4 0). In 11 M HCl04 media we obtained well-developed and reproducible waves of J. ZYKA tetravalent Iead, corresponding to the reduction of PbiV ~ Pbll; the value of the half-wave potential is araund 1 V. The wave-height is proportional to the tetravalent Iead concentration in the range of 1 X I0-4 M to 3 x I0-3 M PblV with a precision of ± 3 per cent.
In the range ofattainable potentials (up to 2 V) bivalent lead compounds arenot manifested in this medium. The tetravalent lead wave may be used for purposes of polarographic analysis, its limiting current (between 0·3 V and 0·7 V) may also be utilized for amperometric titrations with Iead tetraacetate. In hydrochloric acid medium we have attempted a polarographic resolution of the chloroplumbate complex formed from the free chlorine, liberated only after a certain time (as already stated). It has been found that the waves can be reproduced in a medium of hydrochloric acid, i.e. chlorine may be distinguished from the chloroplumbate complex only when a rotating platinum electrode is used which has already been verified as indicating electrode on a series of curves recorded in perchloric acid medium40. In hydrochloric acid medium a wave appears after addition of a lead tetraacetate solution and polarographic recording, corresponding to the reduction PbiV /Pbii. The height of this wave decreases with time, but its half-wave potential does not vary. A new wave appears at a more positive potential beside the original one, its height increasing with time. The identity of both waves has been confirmed by comparison, after addition of free chlorine, to a solution of hydrochloric acid or of Iead tetraacetate. These results have been obtained in the range of 0·6 to 5 N HCI. The sharp decrease ofthe PbiV wave (whose rate increases with the increasing concentration of the acid) practically stops after some 15 min, whereas the chlorine wave decreases after several minutes more rapidly, due to volatilization ofthe element from the solution. The value ofthe half-wave potential of PbiV increased in solutions of 0·3 to 5 N HCl from 0·45 to 0·58 V. In solutions cantairring 5 X 10-5 M-1 X 10-3M PbiV the dependence ofthe height of the polarographic wave in other words of limiting current values on the concentration of PbiV is linear in media of 0·6 N to 5·0 N HCl. I t is possible to determine the PbiV content in this solution, as long as no more than a five-fold chlorine excess is present.
The polarographic study of lead tetraacetate in media of other mineral acids gave no reproducible results; the waves obtained were either not proportional to the PbiV concentration (in sulphuric acid solutions), or they included large peaks. In phosphoric acid media no polarographic wave was observed only a current rise from the zero line of the galvanometer upward was noticed; this was the case in glacial acetic acid also.
We have utilized the results obtained in the polarographic study of Iead tetraacetate and in the study of its spectra to attempt a solution of the equilibrium of the PbiV /Pbll system in hydrochloric acid medium, and we have investigated-based on the polarographic determination of the concentration of tetravalent lead in the presence of chlorine-variations of the equilibrium constant
in dependence on the acidity of the solution. These results are described in detail in our original report41, in the conclusion to which the possible scheme of the equilibrium is discussed based on the invariance of constants obtained for the system described in the range of 2 to 4·5 N HCI.
Utilization of Iead tetraacetate as volumetric reagent
As to the analytical utilization of lead tetraacetate as volumetric reagent for the determination of inorganic and organic substances, a review of the applications is given in Table 2 , tagether with the necessary explications in the text in the following paragraphs. Details are given in the original studies cited in the reference list.
Determination of inorganic substances
Among inorganic systems, titrated by direct potentiometric titration in solutions of sulphuric or hydrochloric acid, let us mention the determination of arsenic(III), antimony(III), tin(II), iron(II), titanium(III), chromium (II), thallium(I), molybdenum(III), ruthenium(IV), uranium(III), europium(II), salts, peroxidic substances, iodides, bromides, ferrocyanide, hydrazine, nitrite and thiosulphate13, 14, 16, [19] [20] [21] 29 .
All the titrations are rapid and precise, suitable for microdeterminations. Titrations of arsenic(III) salts diluted down to I0-5 M are possible with amperometric indication of the end point35. A new method of calculating the point of equivalence for amperometric titrations has been proposed for oxidation-reduction reactions, in which one of the reaction products is a low-solubility precipitate35.
Thallous salts may be titrated even in amounts corresponding to 10 fLg Tl; the method is very precise and is suited especially to the standardization of highly diluted lead tetraacetate volumetric solutions19. The high oxidation capacity of lead tetraacetate is proved by the fact that tetravalent ruthenium compounds may be oxidized directly to ruthenium(IV) oxide; the method is suitable for the determination of down to 2 mg Ru in a volume of 50 ml, the accuracy of the determination being equal to that of the gravimetric one. The method has been used to study the stability of different valency degrees of ru thenium compounds and to stud y the oxidation-red uction reactions to this element21, For microtitrations of trivalent and tetravalent uranium the method found suitable is that in which the sample is oxidized by an excess of ferric salt and the ferrous ions formed are titrated by lead tetraacetate; down to 20 fLg U may thus be determined24, In the study of oxidation-reduction reactions of molybdenum we have found that in a medium of 10 N HCI compounds of trivalent molybdenum are oxidized to pentavalent molybdenum compounds, while in solutions of 5 to 7 N HCl the same oxidation by lead tetraacetate proceeds up to molybdates19.
Reactions oflead tetraacetate with nitrites or peroxidic substances proceed rather slowly in acetic acid solutions. In the presence of chlorides (in the case of nitrites29) or of sulphates (in the case of peroxidic substances44) it is possible to bind the lead(II) salt being formed in a compound of lowsolubility, shifting thus the reaction equilibrium in the required direction, so that the reaction is suitable for a reliable potentiometric determination. Thus it is possible, for example, to determine down to 0·5 per cent N0 2 -in soda saltpetre 29 or to determine · the peroxidic component of hydrogen peroxide, magnesium, sodium, percarbonate, perborate, organic peroxides, etc. The reaction has been applied to the indirect, rapid microdetermination of uranium, after separating it in the form of a peroxo-compound, and the course of the unusual potentiometric curves has been explained44. In the titration of thiosulphates oxidation may proceed, depending on the reaction conditions, up to tetrathionates or sulphates45.
The inftuence of the formation of low-soluble products on the shift of the reaction equilibrium, or on the increase of the oxidation effect of lead(IV) salts is clearly evident in the titration of iodides. With potentiometric indication e.g. in acetic or sulphuric acid medium the firstpotential change corresponds to the oxidation 2I--->-h, the next potential change then indicates quantitative completion of the oxidation to iodate, a precipitate of lead(II) iodate being formed 46 . With regard to the reaction of bromides with Iead tetraacetate, their oxidation to elementary bromine46 may be utilized for analytical purposes. The titration ofiodides as weil as ofbromides belong to the most sensitive methods of the volumetric determination of these halides. A study ofthe influence ofthe medium (type ofacid), acidity, etc. on the titration has led to the possibility of determining, for example, iodides (in acetic acid medium) in the presence of an excess ofbromides and chlorides. The method also is very weil suited to the determination of the iodide component, e.g. in salts of organic quaternary bases46,
In one of the most recent sturlies we have investigated the possibility of oxidizing europium(II) salts34 and ferrocyanide47; both reactions are suitable for volumetric determinations, and especially the precision of the ferrocyanide determination is such, that we recommend this method for determining the titre value of Iead tetraacetate solutions. Aceurate results, however, may be obtained only in a medium of 0·5 to 5 N HCI, while at lower chloride ion concentrations, or in the absence of these ions, and in the medium of acetic acid ( alone), phosphoric or perchloric acid, results are even 100 per cent higher. These errors occurred also in titrations of other systems, in which one-electron reactions took place (the oxidation of the ion determined). From our experiments and considerations it follows that in a medium containing a sufficient amount of chloride ions, the lead(IV) salt, i.e. Iead tetraacetate is active in the form of the chloro-complex, whose oxidation effect is less energetic than, for instance, that of lead(IV) salts in a medium, in which they may be supposed to exist in the ionic form (e.g. in perchloric acid) in which the formal redoxpotentialalso attains the highest values (sec preceding text). We assume, in agreement with some Iiterature data, that in such a case the concern is with a bimolecular reaction between the ions determined and tetravalent Iead, an active complex of formally trivalent Iead being formed in the first stage, which is then reduced to the divalent state. In this process tetravalent Iead may react with acetic acid ( oxidation to COz). Detailsofthis reaction are given in the original report4 7 .
Determination of organic substances
The determination of hydrazine and its derivatives (phenylhydrazine chloride, p-nitrophenylhydrazine, isonicotinic acid hydrazide, semicarbazide chloride) proceeds in the same way as with the use of other oxidants36, the titration of a known amount of standard hydrazine sulphate solution is, due to its precision, suitable for determining the titre value of Iead tetraacetate.
The reaction of hydroquinone, pyrocatechol and ascorbic acid 12 also • proceeds in a highly satisfactory manner; the compound last-named may be titrated in glacial acetic acid, using N-N' -bis-4-( 4-methoxyphenylamine)-phenyl thiourea as indicator12a. For many substances containing the sulphydryl group glacial acetic acid is a very good solvent, in which these substances are easily titrated with Iead tetraacetate solution, generally with potentiometric indication25, in some cases benzylmercaptan using quinalizarin as indicator12, In the non-aqueous medium of glacial acetic acid the oxidation of these compounds proceeds to the respective disulphides, while in a medium of dilute acetic acid, or in the presence of mineral acids, a substantial difference is observed in the oxidation products, e.g. thioglycollic acid is converted by an excess of the reagent in dilute acetic acid to the respective sulphinic acid, in the presence of hydrochloric acid to the sulphochloride. The oxidation of cysteine, thiourea and thiosemicarbazide 2 5 and of a nurober of organic sulphides ( di-n-butylsulphide, di-sec-butylsulphide, tert-butyl-sec-butylsulphide, tert-butyl-n-butylsulphide, di-tert-butylsulphide, tert-butyl-isobutyl sulphide, n-butylphenyl sulphide, diphenyl sulphide and dibenzyl sulphide) has been studied in a similar manner.
Potentiometrie titration in acetic acid medium may also be used for 1 ,4-anhydroerythrol, methyl-a-D-mannofuranoside, 1 ,4-anhydromannitol and methyl-2,6-anhydro-a-D-altropyranoside17, and beside the platinum indicating electrode it is recommended to use for these cases a lead electrode.
As already stated in the introduction, the oxidation of organic compounds with a glycollic bond is one of the typical reactions of lead tetraacetate, differing from previous studies, in which the possibility of carrying out these reactions has been considered in non-aqueous media only. We have found that this reaction may also be performed in an aqueous medium (up to 50 per cent acid) or also that it may be greatly speeded by the presence of potassium acetate. This allows the determination of a nurober of substances, either by direct potentiometric titration (mandelic acid, tartaric acid, mannitol16) or by means of an excess of the reagent, its non-reacted amount being titrated by, for example, a hydroquinone volumetric solution. I t is also possible to determine the equivalent amount of lead(II) salt, formed in the reaction, complexometrically39. This method has been used for the determination or study of the reactivity of formic acid26, tartric acid18, ethylene glycol, glycerine, mannitol, gluconate, mandelic, malic and citric acid with Iead tetraacetate22. Details of the reaction mechanism in the oxidation ofthe compounds mentioned are given in the original papers16, 22. The developed analytical procedures have been applied, for instance, to the determination of glycerine in pharmaceuticals27 and to determine the tartrate component of complex compounds 31 • Recently we have reported the possibility of determining the iodine number, in other words the double bond, using Iead tetraacetate as volumetric reagent to generate bromine in situ from bron1ide added in excess to the sample dissolved in acetic acid (with addition of mineral acid, if necessary). This procedure brings several advantages, compared to methods in which for example bromine in glacial acetic acid is used as reagent for determining the iodine number: ( i) lead tetraacetate is a very stable reagent, (ii) glacial acetic acid is a suitable solvent e.g. for a number of organic substances, (iii) the determination may be carried out by direct potentiometric titration. We have determined in this way diallylbarbituric acid, allylisopropylbarbituric, crotonic, oleic, erucic acid and determined the iodine number of rape, olive and ricinic oils. The method proposed may be used in the same way for substitution reactions, as we have proved by determining salicylic acid49.
